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THE POLYMERIZATION OF ACROLEIN AND ITS DERIVATIVES 

1. The Low-Temperature Polymerization of Acrolein 

and a-Methylacrolein 

I. V. Andreyev,M. M. Koton and K. A. Kovalev 

ABSTRACT 

LOW temperature polymerization of ac ro le in  a& de r iva t ives  

under various conditions and r e s u l t a n t  polymers were studied. 

It w a s  es tab l i shed  that. a-met,hylacrolein i s  pol-yrzerized i-ioi-e 

slowly than acro le in .  

The polymerization of ac ro le in  and t h e  study of t he  s t r u c t u r e  and pro- 

p e r t i e s  of ac ro le in  polymers are cur ren t ly  a t t r a c t i n g  a g r e a t  d e a l  of a t t e n t i o n  

on the  p a r t  of researchers .  Large scale inves t iga t ions  i n  t h e  f i e l d  of t h e  po- 

lymerization of acro le in ,  s tud ie s  of i t s  polymer s t r u c t u r e  and the  modification 

of polyacrolein p rope r t i e s  are being car r ied  out  by Kern and h i s  assoc ia tes  

( r e f s .  1-3). 

various ca ta lyzers .  

i n  t h e  presence of boron t r i f l u o r i d e  e the ra t e  from 0' t o  + 20'. 

containing 15- 20 percent aldehyde groups are formed i n  t h i s  condition. 

They made a study of acro le in  polymerization i n  the  presence of 

Thus they studied t h e  polymerization of ac ro le in  i n  block 

Polyacroleins 

This study dea l s  wi th  t h e  polymerization of ac ro le in  and a-methylacrolein 

by gaseous BF i n  block and i n  solution, a t  temperatures ranging from Oo t o  3' 

"Numbers given i n  t h e  margin ind ica t e  the  pagination i n  t h e  o r i g i n a l  

fo re ign  t e x t .  
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-8oO.  

both i n  the  absence of moisture and oxygen i n  t h e  a i r  and wi th  water e spec ia l ly  

added as ca ta lyzer .  The presence of t r a c e s  of moisture leads t o  a sharp increase  

i n  the  rate of ac ro le in  polar iza t ion .  

ac ro le in  monomer t o  a polymer at -20' i n  " idea l"  conditions required 15-30 hours, 

a similar conversion i n  the  presence of t r a c e s  of water,  with a l l  o ther  conditions 

being equal, took p lace  i n  3-8 hours. The decrease i n  t h e  molecular weight of t h e  

polyacrolein observable i n  t h e  l a t t e r  case i s  i n d i c a t i v e  of t he  d i f fe rence  i n  

the  growth mechanism and t h e  break of t h e  chain. I n  addi t ion  t o  the  changing 

polymerization conditions, the  polymer p rope r t i e s  are considerably a f fec ted  by 

t h e  depth of t h e  polymerization and the r e s i d u a l  q u a n t i t i e s  of t he  ca ta lyzer .  

The degree of ac ro le in  polymerization i n  block i s  h ighes t  a t  temperatures between 

-20° and -40° with t h e  BF 

molecular percent,  and i n  the  case of a-methylacrolein wi th  a BF content equaling 

2.5-3 m o l  percent.  Free aldehyde groups a re  not found i n  t h e  v i t reous  poly- 

a c r o l e i n  obtained i n  these  conditions, apparently because t h e  aldehyde group 

p lays  an ac t ive  p a r t  i n  t h e  polymerization reac t ion .  Polyacrolein i s  inso luble  

i n  organic solvents but so luble  i n  sulfurous acid.  It i s  qu i t e  probable t h a t  

t h e  polymerization of ac ro le in  i n  the  conditions under study takes place i n  a 

"head t o  t a i l "  pos i t i on  whereby all the aldehyde groups a re  located on one s i d e  

of t h e  bas ic  chain, and t h i s  f a c i l i t a t e s  t h e  fom-ation of a v i t reous  polymer 

wi th  a cyc l i c - s t ruc tu re  chain consisting of condensed six-membered oxygen- 

containing links: 

I n  t h e  case of t he  block polymerization of acro le in ,  t he  BF w a s  used 3 

Thus i f  a 13-20 percent conversion of an 

content i n  t h e  reac t ion  mixture amounting t o  1.5 3 

3 

- 
CHI CIIs CH, CHI C H i  CHa C H I  

1 
\cg \cB \cd \cd >*, 
/ \ * / \ * /  Lo/ \ / 

\A 'c" x ' 
C ! C : L  

H /> I1 /\ 0 H /\ 0 

' + d~ d~ dH d H  C H \  

0 

2 



The high thermal s t a b i l i t y  of t h i s  type of polymer i s  also ind ica t ive  of 

t he  formation of polyacrolein with a cyc l i c  s t ruc tu re .  The cyc l i za t ion  phenom- 

enon apparently does not occur i n  the process of ac ro le in  polymerization, or it 

/ 529  

occurs i n  a very in s ign i f i can t  degree, and t h e  r e s u l t i n g  polyacro le in  has a 

melting po in t  of 150-170°. 

Unlike acro le in ,  t h e  polymerization r a t e  of a-methylacrolein i s  slower, 

probably because of t he  s t e r i c  hindrances produced by t h e  presence of a methyl 

group i n  an a-posit ion.  An a-methylacrolein polymer has a high melting poin t  

and a higher thermal s t a b i l i t y  than polyacrolein.  

i s  i n  most cases inso luble  i n  organic so lvents  and, unlike polyacrolein,  it 

An a-methylacrolein polymer 

merely swells i n  sulfurous acid.  

t h e  chemical reagent is  unable t o  pene t ra te  t o  the  r eac t ive  centers  of t h e  

The f a c t  t h a t  not only t h e  so lven t  but a l s o  

macromolecule i s  probably due t o  t h e  add i t iona l  screening e f f e c t  produced by 

t h e  methyl groups. A t  t he  same time, t h e  sharply defined melting po in t  of t h e  

a-methylacrolein polymer po in t s  t o  the  absence of "sewed" s t r u c t u r e s ,  and a 

cyc l i c  s t r u c t u r e  may probably a l s o  be ascribed t o  t h e  mentioned polymer 

An analogy can probably be made i n  t h i s  case with t h e  polymerization of 

isoprene i n  the  presence of BF a t  a low temperature, as w e l l  as sodium isoamyl 

and T i c 1 4  where the  po la r i za t ion  occurs i n  the  basic chain i n  pos i t i on  3, 4 and 

3 

i s  followed by an intra-molecular cyc l iza t ion  of t he  v inyl  groups found i n  

p o s i t i o n  1, 2 (ref. 4): 

3 



The cyclized polyisoprene produced i n  these  conditions i s  a v i t reous  

polymer wi th  a high thermal s t a b i l i t y .  

The Experimental Aspect 

Acrolein polymerization. The polymerization reac t ion  w a s  ca r r i ed  out i n  

sealed ampoules. The instrument w i t h  t h e  ampoules and measuring tanks were 

vacuumized t h r e e  times and each time washed with dry  pure nitrogen. 

heating devices are f i t t e d  over ampoules 3 and measuring tank 2, heated t o  

300-350° and t h e  system then vacuumized (Fig. 1). The t r a c e s  of moisture and 

t h e  occluded oxygen are removed from t h e  ampoules. 

Tubular 

After 1.3-2 hours of heating, the hea ters  are removed and t h e  ampoules 

closed. 

n i t rogen  above the  monomer which contains some oxygen t h a t  had got ten  i n t o  it 

when t h e  tank w a s  being f i l l e d ,  i s  removed by a vacuum-cooling process and t h e  

tank i s  then washed with nitrogen. 

A monomer i s  then introduced i n t o  tank 2 i n  a nitrogen flow. The 

Af ter  t he  instrument has been washed wi th  nitrogen t h r e e  times and a 

vacuum (0 .5  ran) produced i n  it, the  monomer i s  d i s t i l l e d  from t h e  measuring tank 

i n t o  t h e  ampoule. 

cooling of t he  ampoules (-800) while t h e  cooling of t h e  measuring tank i s  

discontinued. The ampoules a re  then closed. The instrument is  f i l l e d  wi th  

n i t rogen ,  and i t s  r i g h t  p a r t  i s  removed from sec t ion  1 and replaced with a 

b u r e t t e  containing gaseous boron t r i f l u o r i d e  (ref.  5) .  J u s t  as a t  t h e  time 

The d i s t i l l a t i o n  is  made poss ib le  by t h e  good vacuum and the  
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measuring tank 2 was connected with t h e  monomer, t he  e n t i r e  instrument i s  

vacuumized th ree  times and each time f i l l e d  with nitrogen. 

The next s t e p  i s  t o  introduce the necessary quan t i ty  of gaseous boron tri- 

f l u o r i d e  through the  instrument i n t o  each ampoule i n  t h e  vacuum (0.5 m). 

Cooled wi th  l i q u i d  nitrogen and f i l l e d  wi th  a frozen monomer and ca ta lyzer ,  

t he  ampoules are unsoldered and transfetrtd t o  a Dewar  f l a s k  o r  another c ryos t a t  

with a temperature s u i t a b l e  f o r  polymerization purposes. 

Refining and drying t h e  monomers. The r eac t ive  ac ro le in  was  d r ied  wi th  

calcium chlor ide  and i n  a nitrogen current under atmospheric pressure  and 

d i s t i l l e d  i n  a column. 

This ac ro le in  f r a c t i o n  w a s  then dried again, and d i s t i l l e d  i n  a spec ia l  i n s t r u -  

ment a t  room temperature under 1 -2  mm n i t rogen  pressure  i n  order t o  avoid t h e  

polymerization-connected lo s ses .  

The f r a c t i o n  wi th  a melting po in t  of 32-53O w a s  removed. 

Figure 1. Ampoule-filling apparatus 

The a-methylacrolein y i e ld  w a s  70 percent .  The conditions we se lec ted  f o r  

t h e  synthes is  are described i n  Green's study (ref. 6 ) .  

w a s  d r i ed  with calcium chlor ide  and d i s t i l l e d  a t  62-63'. 

d r i ed  with phosphoric pentoxide and cooled with ice .  

t h e  a-methylacrolein w a s  e f f e c t i v e l y  d i s t i l l e d  at 28.5-290 under a r e s idua l  

pressure  of 145 mm. 

The r e s u l t i n g  monomer 

It was add i t iona l ly  

I n  a following d i s t i l l a t i o n ,  
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, 
After drying it with calcium chloride, a -e thylacro le in  ( r e f .  7) can be 

Almost a l l  of it i s  

It was dr ied  a second time with phosphoric pentoxide, as 

d i s t i l l e d  i n  a column without t h e  use of hydroquinone. 

converted a t  91-92'. 

indicated f o r  a-methylacrolein, and pu r i f i ed  by d i s t i l l a t i o n  i n  a good vacuum 

(0.3 mm) at room temperature. 

Inves t iga t ing  the  polymer. Befo re  analyzing the  i n i t i a t o r ,  t h e  polymer 

was processed by the  following method: t he  ampoule w a s  opened a t  t h e  same 

temperature a t  which t h e  polymerization had taken p l ace  and connected t o  a 

vacuum pump through a system of t r aps  (Fig. 2) .  This eliminated the  excessive 

gaseous boron t r i f l u o r i d e  which condensed and f roze  i n  t r a p  3. 

. . -  
F- 

Figure 2. Polymer-isolating device 

Thereafter,  i f  t h e  reac t ion  mixture i s  s t i l l  mobile, t h e  monomer i s  d i s -  

t i l l e d  off from it and condensed i n  t r ap  1. 

and the  poss ib le  monomer q u a n t i t i e s  have been removed, a so lvent  i s  added t o  the  

r eac t ion  mixture and the  v a c u u ~  process continued. 

continue 

then introduced i n  small por t ions  f o r  t h e  complete removal of t h e  boron tri- 

f luo r ide .  

r e s u l t  of i t s  conversion t o  boron t r i f l u o r i d e  e the ra t e .  0.3-1 m i l l i l i _ t e r  of 

methyl alcohol i s  then introduced w i t h  t he  e ther .  A f t e r  such a treatment t h e  

After t h e  excessive ca t a lyze r  mass 

The ca t a lyze r  and monomer 

t o  be ex t rac ted  from the  reac t ion  mixture i n  t h i s  process. Ether i s  

The a c t i v i t y  of t h e  ca ta lyzer  i s  thereby sharp ly  reduced, as a 
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polymer, i f  it i s  soluble,  i s  p rec ip i t a t ed  as e t h e r  o r  h-hexsane. If t h e  

polymer i s  insoluble,  it i s  washed with e t h e r  a number of times. 

was f i n a l l y  t r ea t ed  with e t h e r  i n  a Soxhlet apparatus; such treatment, under 

r e l a t i v e l y  mild conditions, l eads  t o  t h e  e l imina t ion  from t h e  polymer of the  

boron t r i f l u o r i d e  e t h e r a t e  and t h e  monomer which combines with s o l i d  a l k a l i .  

Without such a treatment t he  polymer w i l l  i n  time grow dark and change i t s  

p rope r t i e s .  

The polymer 

Cited i n  Fig.j-a,. a r e  t h e  d a t a  on t h e  r a t e  of ac ro le in  and methylacrolein 

polymerization i n  block a t  -20' i n  t h e  presence of gaseous boron t r i f l u o r i d e  and 

i n  t h e  complete absence of moisture and oxygen. 

b j i  

Figure 3. The acro le in  and a-methylacrolein 

po la r i za t ion  rate: a-in block, b-in so lu t ion .  

3;  
a: l - ac ro le in  i n  block, 3 mol percent BF 

3;  
2-acrolein i n  block, 2.5 mol percent BF 

3-a-methylacrolein i n  block, 5.0 percent,  

BF3; 

3;  
b: l - ac ro le in  i n  block, 2.5 mol percent  BF 

2, 3, 4-acrolein i n  a 15, 1 4  and 7 molarity 

3' 
so lu t ion ,  2.5 mol percent BF 
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C o n d i t i o n s  

It follows from Fig. 3 a t h a t  if a 2 percent conversion of a-methylacrolein 

requi res  4-5 hours, t h e  poly- t o  a polymer i n  the  presence of 5 mol .  percent BF 

merization of a -e thylacro le in  under the  same conditions would take  dozens of 

hours which could not be r e f l ec t ed  i n  t h i s  graph. 

3 

R e s u l t s  

Fig. 3 b shows t h e  r a t e  of acro le in  polymerization i n  t h e  presence of 

gaseous boron t r i f l u o r i d e  at -20' i n  a CH C 1  so lu t ion .  2 2  

Lis ted  i n  the  tab le  a r e  the  comparative f igu res  on the  ac ro le in  polymers 

Polymerization Cocatalyzer Polymer?- 

za t ion  time 

produced by a 25-30 percent conversion under various conditions. 

The block polymerization of acro le in  i n  the  complete absence of moisture 

S o l u b i l i t y  (7)  

i n  organic 

and oxygen r e s u l t s  i n  t h e  development of more high molecular products i n  i t s  

so luble  po r t ion  (see t a b l e ) .  Fu l ly  soluble polymers can be produced by a 13-15 

percent  conversion; i n  the  case of a 25-30 percent conversion (see table) ,  such 

polymers a re ,  as a rule, inso luble  i n  organic solvents.  Soluble polyacroleins 

hours 

even tua l ly  l o s e  some of t h e i r  s o l u b i l i t y  i n  organic so lvents ,  but are soluble 

i n  sulfurous acid.  

solvents,  $ 

THE POLYMERIZATION OF ACROLEIN I N  THE PRF,SENCE OF GASEOUS 

I n  block None 15-30 

I n  block 

I n  s o l u t i o n  CH2C12 20-35 

3-8 H2° 

10 0.12-0.17 270-320, decompos. 

15 0.07-0.08 270-300, decompos. 

100 0.06-0.07 140-170 

Melting point,  

"C 
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. Analysis of t h e  inso luble  portion of t he  polyacroleins,  obtained i n  a block 

by a 30 percent  (and higher) conversion i n  t h e  complete absence of moisture and 

oxygen, revealed an absence of oximes of aldehydes (ref. 8) .  Phenylhydrazone 

could not be obtained from a polyacrolein water so lu t ion  a f t e r  it had been d i s -  

solved i n  sulfurous acid. But i n  the soluble por t ion  of t h e  polymer obtained i n  

these  conditions from a-methylacrolein, 9 percent aldehyde groups were found by 

t h e  oximation method, which revealed no aldehyde groups i n  the  inso luble  poly- 

ac ro le in  polymerized by a 40 percent conversion i n  a methylene chloride so lu t ion .  

Polymers with a melting po in t  of 140-170° and ( 7 )  0.06-0.07 were obtained 

from t h e  polymerization of ac ro le in  i n  a so lu t ion  by a 25-30 percent conversion. 

It would be i n t e r e s t i n g  t o  poin t  ou t  t h a t  inso luble  vit-reous poly-a-methyl- 

acro le in ,  un l ike  polyacrolein,  i s  converted t o  powder i f  t r ea t ed  with solvents.  

The thermal s t a b i l i t y  of polyacrolein and poly-a-methylacrolein has been 

inves t iga ted ;  as indicated i n  Fig. 4, t h e  a-methylacrolein polymers have a 

higher thermal s t a b i l i t y  than do t h e  ac ro le in  polymers. 

According t o  preliminary da ta ,  the a-ethylacrolein polymer, obtained i n  a 

block i n  t h e  presence of gaseous boron t r i f l u o r i d e ,  has (7) 0.065 (benzene) and 

a r e l a t i v e l y  high melting poin t .  

Figure 4. The thermal s t a b i l i t y  of polymers: 

1-polyac r o l e i n  , 2-poly- a-me thylac  ro l e in .  
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Conclusions 

1. The low-temperature polymerization of acro le in  and a-methylacrolein 

with gaseous boron t r i f l u o r i d e ,  i n  block and so lu t ion  has been studied. 

2.  It has been establ ished t h a t  t h e  block-polymerized acro le in  forms 

pr imar i ly  polymers which are  insoluble i n  organic solvents  and soluble  i n  su l -  

furous acid; such polymers do not contain any f r e e  aldehyde groups. 

3. A study has been made of the ac ro le in  and a-methylacrolein polymeriza- 

It has been es tab l i shed  t h a t  t i o n  r a t e  a t  -20' i n  t he  presence of gaseous BF 

a-methylacrolein i s  polymerized a t  a slower r a t e  than acrolein.  
3' 

4. An a-ethylacrolein polymer has  been obtained. 
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